HAND2 synergistically enhances transcription of dopamine-beta-hydroxylase in the presence of Phox2a.
Noradrenergic neuronal identity and differentiation are controlled by cascades of transcription factors acting downstream of BMP4, including the basic helix-loop-helix DNA binding protein HAND2 and the homeodomain factor Phox2a. Dopamine-beta-hydroxylase (DBH) is the penultimate enzyme required for synthesis of norepinephrine and is thus a noradrenergic cell type-specific marker. We have examined the interaction of HAND2 and Phox2a at the DBH promoter. Using transient transfection of P19 or NT-2 cells, HAND2 is shown to synergistically enhance Phox2a-driven transcriptional activity at the DBH promoter, an effect that is enhanced by cAMP. While mutation of the Phox2a homeodomain binding sites HD1, HD2, and HD3 results in the loss of HAND2/Phox2a transactivation of DBH, it is the interaction of HAND2/Phox2a at the CRE/AP1-HD1/2 domains in the DBH enhancer that are required for synergistic activation by HAND2. We find that HAND2 functions as a transcriptional activator without directly binding to E-box sequences in the DBH promoter, suggesting that HAND2-mediated DBH activity occurs by protein-protein interactions with other transcriptional regulators. Although we were unable to detect interaction of HAND2 and Phox2a in IP/Western blots, HAND2 synergistic activation of DBH is blocked by E1A, suggesting that HAND2 interacts with CBP (cAMP response element binding protein) in this transcriptional complex. In the presence of the putative HAND2 dimerization partner, E12, synergistic activation of DBH transcription is titrated away, suggesting that HAND2 does not functionally dimerize with E12 in the DBH transcription complex. Our data suggest that HAND2 regulates cell type-specific expression of norepinephrine in concert with Phox2a by a novel mechanism.